L
ow back pain (LBP) is a well-recognized public health problem associated with a high prevalence of disability and reduced quality of life. 26 Although commonly perceived as a problem limited to adults, episodes of LBP frequently occur during childhood, with a prevalence similar to that in adults by late adolescence. 9 Given the early onset and cumulative lifetime burden of LBP, a better understanding of the relationship between modifiable behavioral factors, such as physical activity, and the LBP experience is important. Physical activity recommendations are a common part of LBP management. A hallmark of patient education materials for LBP is advice to stay active and avoid prolonged periods of sedentary behavior. 5 In addition, general aerobic exercise is commonly recommended for both management and prevention of LBP. 12 Physical functioning, which includes physical activity, is also a recommended core outcome domain in clinical trials of chronic and recurrent pain in children, 13 emphasizing the importance of better understanding the role that physical activity plays in modifying the LBP experience.
Physical activity measurement commonly relies on subjective self-report questionnaires due to their ease of administration and low cost. 20 Objective activity measurement utilizing accelerometers has become increasingly common and accessible. 20 Objective measures, taken over several days, are considered to be more accurate in capturing physical activity patterns, because they minimize observer, recall, and response biases. 14 Although regarded as an important element in the clinical profile and management of LBP, the relationship between physical activity and the LBP experience is not well understood. No studies that we are aware of have examined the association between physical activity levels and clinical measures of LBP in adolescents currently experiencing the condition. The aim of this study was to assess the relationship between objectively measured physical activity levels, using accelerometers and standard clinical measures of pain intensity, disability, and quality of life, in a population of adolescents with recurrent or chronic LBP. We hypothesized that higher levels of physical activity would be negatively associated with pain intensity and disability, and positively associated with quality of life. Our hypothesis was informed by our clinical experience that increased pain intensity often restricts physical activity levels.
METHODS

Design and Participants
T
his study was a planned secondary analysis of data collected in a prospective, parallel-group, randomized clinical trial (RCT) that investigated nonsurgical treatment approaches for adolescents with LBP. The study protocol for the parent RCT has been published. 18 A sample of 143 participants recruited and enrolled at a single site (university-associated research clinic in Bloomington, MN) within a 2-site RCT was used for this secondary analysis. Eligible participants were 12 to 18 years of age with subacute recurrent or chronic LBP and a self-rated pain intensity (typical level during the past week) of 3 or greater on a 0-to-10 numeric rating scale (NRS). The participants' LBP was considered subacute and recurrent if the current episode lasted 2 to 11 weeks and he or she had experienced a prior episode lasting 2 weeks or longer in the past year. Current episodes of LBP lasting 12 weeks or longer were classified as chronic. Participants were recruited from the general population using a variety of methods, including postcard mailings (primary method), Facebook and Craigslist advertisements, newspaper advertisements, flyers, and letters to local physicians and youth coaches. Individuals with contraindications to study interventions or competing comorbidities were excluded. The Institutional Review Boards at Northwestern Health Sciences University (Bloomington, MN) and the University of Western States (Portland, OR) approved the parent RCT. This secondary analysis was approved by the Institutional Review Board at the University of Minnesota (Minneapolis, MN). The parent RCT was registered at ClinicalTrials.gov (NCT01096628).
Physical Activity Measures
Physical activity was measured using a GT3X accelerometer (ActiGraph, LLC, Pensacola, FL), which has been demonstrated to be a reliable and valid measure of physical activity among children. 3 Participants wore the device for 7 consecutive days prior to randomization. Over the course of the 7-day assessment period, participants were instructed to wear the accelerometers on their waist during all waking hours, with the exclusion of activities involving water (eg, swimming, bathing). Data from the GT3X accelerometers were analyzed with ActiLife Version 6.13.3 (ActiGraph, LLC), using age-appropriate parameters to characterize physical activity. 21 Activity counts were set at 15-second epochs. The use of 15-second epochs for analysis is based on the recommendations made by Trost et al. 21 It represents a time frame short enough to accurately capture the movement of the adolescents and mirrors the chosen epoch length of past adolescent physical activity literature. 4 Data were truncated to ensure that there was valid wear time, defined as at least 10 hours per day with at least 2 days of weekday wear and 1 day of weekend wear. 4, 21 Nonwear time was defined as 60 minutes or greater of continuous inactivity, interrupted by no more than 2 minutes of activity. Empirically based cut points were used to discern different intensities of physical activity (sedentary, 0-100 counts/ minute; light physical activity, 101-2295 counts/minute; and moderate-to-vigorous physical activity, greater than 2296 counts/minute). 6 The outcome variables of interest were the total and percentage of time spent in sedentary behavior, light physical activity, and moderate-to-vigorous physical activity.
Clinical Measures
Clinical measures related to LBP were assessed twice during the baseline period (at 14 days and 7 days prior to randomization). Clinical measures from the assessment 7 days prior to randomization were used for this secondary analysis.
Participants rated the typical intensity of their LBP in the previous week on an 11-point NRS, ranging from 0 (no pain) to 10 (worst pain possible). The NRS for pain has been shown to perform similarly to the visual analog scale in both pediatric and adult populations. 8, 25 Disability was assessed using the 18-item Roland-Morris Disability Questionnaire, which assesses difficulty performing daily activities, with scores ranging from 0 (no disability) to 18 (maximum disability). Participants were asked to assess their current level of difficulty in performing various activities of daily living. This shorter version of the original 24-item Roland-Morris Disability Questionnaire has been shown to be reliable, valid, and as responsive as the original instrument. 11, 19 Quality of life was measured using the 23-item Pediatric Quality of Life Inventory instrument, a multidimensional scale that measures physical, emotional, social, and school functioning in children 8 to 18 years old. Summary scores for psychosocial, physical, and total health were then computed on a 0-to-100 scale, on which 0 represented the lowest possible quality of life and 100 represented the highest possible quality of life. Participants were asked to rate their quality of life over the past month. The Pediatric Quality of Life Inventory is a reliable, valid, and responsive measure of quality of life in youth. 10, [22] [23] [24] 
Data Analysis
The clinical and demographic characteristics of participants excluded from the analysis due to noncompliant accelerometer wear time were compared to those of included participants, using independent t tests for continuous measures and chi-square tests for categorical outcomes.
Descriptive statistics (means, standard deviations, frequencies, percentiles) were calculated to summarize objective physical activity measures. In addition, the proportion of participants meeting the US recommendations 15 for physical activity for adolescents (60 minutes of moderate-to-vigorous physical activity per day) was determined.
Pearson correlations and bivariate linear regression models were used to assess the relationship between clinical measures of LBP (LBP intensity, disability, and quality of life as dependent variables) and objective physical activity measures (percentage of time in sedentary behavior, light physical activity, and moderate-to-vigorous physical activity as independent variables). The strength of correlation was categorized according to absolute magnitude as follows: (1) very weak, 0.0 to less than 0.3; (2) weak, 0.3 to less than 0.5; (3) moderate, 0.5 to less than 0.7; (4) strong, 0.7 to less than 0.9; and (5) very strong, 0.9 to 1.0. 7 Multivariate regression analyses were not used due to the interrelationship between the objective physical activity measures and the strong potential for collinearity. A significance level of .05 was used for all statistical tests. All statistical analyses were conducted using Stata Version 13.1 (StataCorp LLC, College Station, TX). 
RESULTS
Descriptive Analyses
F ifty participants were excluded from the analyses due to insufficient amount of valid accelerometer wear time, leaving 93 participants in the final sample. The clinical and demographic characteristics of included and excluded participants are provided in
Relationship Between Clinical and Physical Activity Measures
The results from the correlation and bivariate linear regression analyses between objective physical activity measures and clinical measures of LBP are provided in TABLE 3. Overall, no notable relationship between the objective physical activity measures and clinical measures of LBP was found. Objectively measured physical activity was very weakly associated with LBP intensity (r = -0.1 to 0.08), disability (r = -0.03 to 0.03), and quality of life (r = -0.13 to 0.04). None of the correlations were statistically significant (P>.05). In addition, regression analysis showed that objective physical activity measures explained only a trivial amount of the variance of clinical measures in adolescents with LBP (R 2 <0.02). Scatter plots of the objective physical activity measures with LBP intensity are included in the FIGURE and provide a visual depiction of the absence of important relationships between these measures. 
DISCUSSION
T his study assessed cross-sectional relationships between objectively measured physical activity levels and clinical measures of LBP in adolescents. Overall, objective physical activity measures were not importantly associated with clinical measures of LBP and explained only a small amount of their variability. While this is the first study to specifically assess this relationship in adolescents with LBP, an absence of association between pain intensity and objectively measured physical activity has been reported by Wilson and Palermo 27 for adolescents with various chronic pain conditions. Similar to our study, the authors used average measures of pain intensity (over a month) and physical activity (over a week) to assess the relationship. 27 In other research, however, Rabbitts et al 17 found an association between daily measures of pain intensity and physical activity for various chronic pain conditions. Higher pain-intensity levels were shown to be predictive of lower physical activity on the following day, and higher physical activity levels were shown to be predictive of lower pain intensity on the same day. 17 The association between daily pain intensity and physical activity in adolescents with various chronic pain conditions (eg, headache, abdominal pain) may not apply to adolescents with LBP. Investigation into the relationship between daily measures of physical activity and LBP and disability in adolescents is warranted.
The current recommendation of the US Department of Health and Human Services for moderate-to-vigorous physical activity in children and adolescents is 60 minutes per day. 15 Only 10.8% of the current sample of adolescents with LBP met this recommendation. Participants in the current study spent the majority of their day performing sedentary activity, with an average of 97.6 minutes in light physical activity and 35.6 minutes in moderate-to-vigorous physical activity. The proportion of adolescents who were overweight (35.5%) or obese (15.1%), using 85th and 95th sex-specific BMIfor-age percentiles from the Centers for Disease Control and Prevention, was similar to US population estimates using the National Health and Nutrition Examination Survey. 16 The distribution of time spent in moderate-to-vigorous physical activity per day (minimum, 11.5 minutes; median, 32.1 minutes; maximum, 78.9 minutes) for this sample of adolescents with LBP is also similar to that of US population-based norms. 28 However, study participants spent much less time in light physical activity per day (minimum, 32.1 minutes; median, 96.1 minutes; maximum, 211.5 minutes) relative to the US population of 12-to 18-yearolds (median time of 300 minutes or more, depending on age and sex). 28 These findings, although drawn from an indirect comparison, suggest that the amount of time adolescents spend in sedentary behavior relative to light physical activity may be a more important factor in the relationship to LBP than the amount of time devoted to moderate-to-vigorous physical activity. Among individuals with LBP, it is difficult to determine whether lower levels of physical activity are a cause or effect of LBP. Interestingly, we found no important association between the amount of sedentary behavior or light physical activity and the amount of pain intensity, disability, or quality of life in adolescents with LBP, a finding that suggests that these factors may be less important for the ongoing clinical experience of LBP and may be more protective. Direct comparison of physical activity rates between adolescents with chronic LBP has received little attention in the research. One small cross-sectional study reported a nonsignificant difference in moderate-to-vigorous physical activity between Australian adolescents with chronic LBP (1158 min/wk) and healthy controls (919 min/wk). 1 There is a need for studies that directly compare the amount of objectively measured sedentary behavior, light physical activity, and moderate-to-vigorous physical activity between US adolescents with chronic LBP and matched controls.
Strengths of the current study include the use of an objective measure of physical activity (accelerometer), standard thresholds to characterize physical activity, and robust self-reported LBP-related measures recommended by the Pediatric Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials group. 13 There are several limitations to consider when interpreting the findings of the current study. First, a number of participants (n = 50) did not meet the threshold for acceptable accelerometer wear time and were excluded from the analysis. Given that the demographic and clinical characteristics of the participants excluded from the analysis were very similar to those of included participants, it is likely that their exclusion had little impact on our conclusions, though the true impact is unknown. The perceived unfavorable appearance of the device and discomfort associated with wearing an accelerometer have been highlighted as 2 factors contributing to low weartime compliance in previous research. 2 A large proportion of participants noted that they participated in sporting or club activities, but, interestingly, moderateto-vigorous physical activity did not differ between adolescents who participated in these activities and those who did not (data not shown). This suggests that participants might have removed the accelerometers when practicing or competing in athletic events (eg, football, volleyball, swimming). An activity diary kept by participants would have been helpful in clarifying whether accelerometers were removed during intense activities, but this was not practical, as it would have increased patient burden in the parent RCT. Another limitation was the crosssectional analysis, which only assessed the relationship between physical activity and LBP at a single point in time and might not have accounted for daily fluctuations in pain and activity. Finally, the vast majority of study participants presented with chronic LBP (96%). The relationship between physical activity and clinical measures of LBP may differ in acute or subacute populations.
CONCLUSION
O
bjectively measured physical activity was very weakly and not importantly associated with self-rated LBP intensity, disability, and quality of life in adolescents with recurrent or chronic LBP. Future studies directly comparing individuals with and without LBP, as well as frequent measures of physical activity and clinical LBP measures collected in a longitudinal fashion, are needed to better understand the relationship between physical activity and LBP. U Moderate-to-Vigorous Physical Activity, % of time
FIGURE.
Scatter plots for objective physical activity measures and low back pain intensity.
